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Abstract 
With the accelerating process of urbanization, it becomes an important task to improve the competitiveness of the city 
itself for social and economic development. City is a complex system which includes many subsystems. In this paper, 
we establish an index system of urban competitiveness from the following aspects: the strength of economic 
development, urban openness, the overall quality of the people, infrastructure and living environment. On this basis, 
we use principal component analysis method to condense the index, and apply the non-equilibrium DEA method to 
econometric analysis. We take seventeen cities in Shandong Province as an example, not only obtain the 
comprehensive rank of urban competitiveness, but also give the direction and scale about improving the city 
competitiveness. By the analysis, the competitiveness of cities in Shandong Province shows a typical "double heart-
shaped" structure, Qingdao and Jinan, respectively, as the two cores. But in recent years, the gap between east and 
west is expanding, and it shows a ladder-like distribution. The city competitiveness is uneven, so it is adverse for the 
coordinated and stable development of economy. 
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1. Introduction 
With the intensificat ion of world  economic integration, the city p lays an increasingly  important part in 
China's rap id economic development, so it  becomes a new subject to study the competitiveness of Chinese 
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cities [4]. In recent years, many scholars have used different methods to study and research city’s 
competitiveness. Paper [1] designs the model of u rban competitive capacity including ten indicator 
systems by the support of its concept explanation based on two theories from American scholar Porter and 
IMD on national competitive capacity. Paper [2] adopts poor standardization and MSE decision to 
evaluate the comprehensive competitiveness of national cities comprehensively and systematically. Paper 
[3] adopts AHP model and sets up the evaluation system of urban competit ive power, and it takes eighteen 
cities in Henan Province as samples into substantial evidence analysis. Paper [4] uses PCA method to 
analysis a number of cities, and builds an overall competit ive model;  at last, it applies this model to 
calculate city’s competit ive score. The DEA method is applied to evaluate the overall level of the national 
independent-plan cities in Paper [5]. Through the above study, we find that AHP method is more reliance 
on expert’s experience, and there is a lack of ob jectivity in the way the result is calculated. PCA cannot 
give the scale to be improved. DEA, as a non-parametric method, has a great advantage of no pre-
determined target’s weight, and  it can be obtained the direction and scale on improving city’s 
competitiveness based on its projection. So in this paper, we combine PCA with DEA. We use PCA to 
condense the indicators, and then apply the non-equilibrium DEA method to econometric analysis. By the 
analysis, we find that the city’s development is not balanced, the development level of the eastern coastal 
is higher, but the central and western regions is very slow. The gap between east and west is expanding, 
and it shows a ladder-like distribution. The city competit iveness is uneven, so it is adverse for the 
coordinated and stable development of economy.  
2.  A model for comprehensive evaluating the city competitiveness  
2.1. The urban competitiveness index system 
Urban competitiveness is through selecting certain index system to measure, which  is to select some 
representative index system, performance quantitatively all aspects of city competit iveness, compare and 
analysis changes in the competit iveness of the different status of the city [1]. In this paper, we establish the 
index system of urban competitiveness from the following aspects:  
Strength of economic development: this element reflects the overall level of city’s economic 
development and its stage. It includes seven indicators: GDP, per capita GDP, urban per cap ita disposable 
income, average wage, the balance of savings deposits per capita, total detail sales of social consumer 
goods, retail sales per capita. 
Openness of the city: this element reflects competit iveness of the city participated in the international 
and domestic market. It includes three indicators: total import and export , the actual utilization of foreign 
capital per capita, international tourism foreign exchange income per capita.  
Overall quality of the public: the improvement of urban competit iveness requires a lot of high -quality 
persons. It includes five indicators: the number o f students in colleges per million , the number of teachers 
in school per million, the number of scientists per million, the number of hospital beds per million, the 
number of doctors in hospital per million 
Infrastructure: it is a basis for the city to remain competitive. It includes seven indicators: road area per 
capita, public transport vehicles per million people, fixed telephone users per million, internet users per 
million, telecommunications services per capita, annual electricity consumption per capita, and gas 
penetration 
Living environment: good environment is an important guarantee for people to participate in urban 
construction. It contains four indicators: park green area per capita , the green coverage, urban sewage 
treatment rate, harmless treatment rate of garbage 
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2.2. A DEA model for non-equilibrium econometric complex system 
City is a complex system, suppose (Ej ,Oj , Qj , Ij , Lj) is the value of Strength of economic development, 
Openness of the city, Overall quality of the public, Infrastructure and Living environment in the city j, the 
measurement model CC-DEA (Data Envelopment Analysis for City Competit iveness ) to evaluate the city 
competitive benefit can be given as follows: 
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Here, H  is non-Archimedean infinitesimal. 
Definition 1 Let * * * * * * *1 2 3 4 5, , , , , , , 1,2, ,j js s s s s j nT O       is an optimal solution of (CC-DEA), if  * 1jT   
* * * * *
1 2 3 4 5( , , , , ) 0s s s s s      , and then we call the city competitive benefit in the city j is effective. 
Theorem 1 If * * * * * * *1 2 3 4 5, , , , , , , 1,2, ,j js s s s s j nT O       is an optimal solution of (CC-DEA), in  
which * 1jT ! , or * 1jT   but * * * * *1 2 3 4 5( , , , , ) 0s s s s s     z , then * * * * * *1 2 3 4 5( , , , , ) ( , , , , )j j j j j jE O Q I L s s s s sT      is 
effective. 
Let * * * * * *1 2 3 4 5( , , , , ) ( 1)( , , , , ) ( , , , , )j j j j j j j j j j jE O Q I L E O Q I L s s s s sT     ' ' ' ' '    . Theorem 1 shows that if 
the city competitive benefit in the city j is ineffective, its corresponding index value ( , , , , )j j j j jE O Q I L  can 
be transformed into effective, that is to say reach the “best” level, only if the state ( , , , , )j j j j jE O Q I L  is 
added to ( , , , , )j j j j jE O Q I L' ' ' ' ' . 
In general, the index system is relat ively large for evaluating a complex system, the number of 
indicators is excessive compared  with the number of decision-making units, this may  lead most of 
decision-making units are effective, so it make the results evaluated by DEA method lose its realistic 
significances. Therefore, we use principal component analysis method to condense the ind icators, not only 
can reduce the impact of the number of indicators ,but also can take into account the integrated nature of 
indexes, and obtain the comprehensive rank of urban competitiveness . Therefore, it is a comprehensive 
and objective assessment method. 
3. An Empirical Analysis of Urban Competitiveness in Shandong Province 
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The process of China accessing to world integration had been accelerating since china joined the WTO, 
competition between nations has become increasingly apparent, however, the city, as a reg ional economic, 
political and cultural centre, there is also intense competition, and so it has become the focus to strengthen 
the competitiveness of the city [1].  
3.1. An analysis by CC-DEA model 
The entire datum calculated by PCA method is transformed  by the dimensionless computational 
method. 
Supposemax ,minij j ij jZ ZD E  then 0.1 0.9 ( ) / ( )ij ij j j jz z E D Ec   u   , [0.1,1]ijzc  Then, we 
apply the CC-DEA model ( 1 , 2,3,4,5r rP Pt  ) to get the value of city’s competit iveness *T . On this 
basis, we can obtain the effectiveness of measurement *1/T T and give the rank of the cities. 
Table 1 the results by CC-DEA model 
 T 
 
1s

 
2s

 
3s

 
4s

 
5s

 
T
 
Super 
Efficiency rank 
Jinan 1 0 0 0 0 0 1 1.196 2 
Qingdao 1 0 0 0 0 0 1 1.4298 1 
Zibo 1.253 0 0.71 0 0 0 0.7981 0.7981 6 
Zaozhuang 2.7525 0 0.63 0.08 0 0.1 0.3633 0.3633 16 
Dongying 1.0856 0 0.49 0 0 0 0.9211 0.9211 4 
Yantai 1.1854 0 0.22 0.13 0.24 0 0.8436 0.8436 5 
Weifang 2.0063 0 0.45 0 0.44 0.01 0.4984 0.4984 11 
Jining 1.6383 0 0.4 0.25 0.15 0 0.6104 0.6104 9 
Taian 1.8526 0 0.23 0.05 0.18 0 0.5398 0.5398 10 
Weihai 1 0 0 0 0 0 1 1.0273 3 
Rizhao 2.256 0 0.16 0.08 0 0 0.4433 0.4433 13 
Laiwu 1.3688 0 0.78 0.18 0 0 0.7306 0.7306 7 
Linyi 1.4256 0 0.36 0.39 0.3 0 0.7015 0.7015 8 
Dezhou 2.6277 0 0.67 0.06 0 0 0.3806 0.3806 14 
Liaocheng 2.1591 0 0.31 0.3 0.32 0 0.4632 0.4632 12 
Binzhou 2.6488 0 0.58 0.08 0 0.21 0.3775 0.3775 15 
Heze 3.7911 0 0.2 0.26 0.53 0 0.2638 0.2638 17 
It shows a ladder-like distribution in Shandong Province, they can be divided into three levels. The first 
level :Qingdao, Jinan, Weihai, their effective value equal to 1.The second level: Dongying , Yantai, Zibo, 
Laiwu, Linyi, Jining, it belongs to more competit ive city, their effective value is between 0.6-1.The third  
level: Taian, Weifang, Rizhao, Dezhou, Binzhou, Zaozhuang, Heze, they are belong to less competit ive 
city, their effective value is between 0.25-0.6.Overall, the development of the eastern costal city is faster 
than the Midwest, the gap is increasing, and we can give some constructive suggestions by the projection 
of CC-DEA model, and reduce the gap between the coastal and inland cities further. 
3.2. The improvement scale for the invalid cities 
Table 2 the projected analysis of invalid cities in 2008 
 1Y'
 
2Y'
 
3Y'
 
4Y'
 
5Y'
 
 1Y'
 
2Y'  3Y'  4Y'  5Y'  
Dongying 0.0728 0.5100 0.0646 0.0762 0.0357 Weifang 0.4985 0.6710 0.3488 0.7081 0.2976 
Yantai 0.1514 0.3341 0.2101 0.3574 0.1105 Liaocheng 0.3041 0.4548 0.4822 0.6375 0.6164 
Zibo 0.1787 0.7685 0.1384 0.2048 0.1460 Rizhao 0.3822 0.6294 0.3917 0.6947 0.4091 
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Laiwu 0.1660 0.8396 0.3050 0.2725 0.2806 Dezhou 0.4918 0.8748 0.4178 0.6444 0.5173 
Linyi 0.1865 0.4243 0.4642 0.4810 0.3254 Binzhou 0.5486 0.8386 0.4280 0.6964 0.4956 
Jining 0.3081 0.5134 0.3993 0.4555 0.3552 Zaozhuang 0.5583 0.8640 0.4351 0.7151 0.4652 
Taian 0.3175 0.3926 0.3203 0.5126 0.4717 Heze 0.2791 0.4791 0.5391 0.8091 0.9833 
Combine table 1 and table 2, the cities which do  not achieve effective have a  great potential for the 
development from the last four factors. Due to the impact of the geographical location, the level of 
increase is not significance in the strength of economic development. Indicators of the openness 
redundantly concentrated in the city of Laiwu  ǃZibo ǃDezhou and Zaozhuang, these four cities are in a 
high degree of industrialization, but the relative level of openness has not been increased correspondingly. 
The indicators in Quality of the people, Liny i ǃLiaochengǃHeze and Jin ing relat ively have a large 
redundancy,  they are characterized by their vast area, So, there are a lot of difficult ies to ensure most of 
the youth receive a good education. Infrastructure reluctant indicators focus on cities of Heze and Weifang. 
Weifang is known as “international kite”. Heze is known as “peony city”, they need to improve the urban 
infrastructure, and develop tourist industry .Environment indicators focus on cities on Binzhou. So we 
should give full p lay to the characteristics of the city, and improve the city competitiveness from the 
results by CC-DEA model in order to narrow the gap between East and West. 
4. Conclusion 
In short, there are many ways to evaluate city competitiveness. In this paper, we use PCA to learn all 
aspects of city development and give a DEA model fo r non-equilibrium econometric complex system. 
Therefore, we combine both of their advantages , not only obtained the comprehensive rank of urban 
competitiveness, but also given the direction and scale about improving the city competitiveness. 
However, there are still many problems which need further study. 
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